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Theore t i ca l  and Experimental Studies  o f  Plasma-Coated Antennas - C. Y. Ting 

and B. Rama Rao. c 

An experimental  i nves t iga t ion  of  a plasma-coated f i n i t e  c y l i n d r i c a l  an- 

means of  a hot- 

! 

tenna has  been completed. 

cathode d.c. discharge contained wi th in  a long g l a s s  tube. 

The plasma shea th  was produced by 
i 

The plasma diag- 

n o s t i c  measurements were made by s i n g l e  Langmuir probes and a c a v i t y  perturba- 

t i o n  method. 

were measured f o r  wide ranges of  discharge c u r r e n t s  and pressures .  

The cur ren t  d i s t r i b u t i o n  and input  admittance o f  t h e  antenna 

The experi-  

mental  r e s u l t s  show a reasonable degree of  q u a l i t a t i v e  agreement wi th  theory.  

It is a l s o  not iced  t h a t  t h e  input  r e s i s t a n c e  of  a very s h o r t  d ipo le  shows a 

s t r o n g  "resonance" phenomenon a t  a frequency below t h e  plasma frequency, which 

may b e  used as a d i agnos t i c  method. S c i e n t i f i c  Report, No. 1, e n t i t l e d  "Theoreti- 

cal and Experimental Study o f  a F i n i t e  Cyl indr ica l  Antenna i n  a Plasma Column" 

w a s  i s sued  i n  J u l y ,  1967. 

Plasma P r o f i l e  I n v e s t i g a t i o n  Using a Microwave Cavity Technique - B. Rama Rao. 

A t h e o r e t i c a l  a n a l y s i s  has  been completed t o  determine t h e  exact eigen- 

f requencies  of  a microwave cavi ty  loaded wi th  an inhomogeneous plasma column. 

The e f f e c t  of  t h e  varying e l ec t ron  dens i ty  p r o f i l e s  on t h e  resonant frequency 

of a microwave c a v i t y  excited i n  t h e  TMOml and TMmo type modes has  been 

s t u d i e d  by t h i s  method. It has  been shown t h a t  t h e  inhomogeneities i n  ' the  

plasma column cause t h e  cav i ty  modes t o  become hybrid when t h e  r . f .  f i e l d s  i n  

the c a v i t y  have e i t h e r  an a x i a l  o r  azimuthal dependance. A t  h igh  e l e c t r o n  

d e n s i t i e s  the frequency s h i f t  becomes very s e n s i t i v e  t o  t h e  plasma p r o f i l e  

v a r i a t i o n s  and accu ra t e  measurement o f  t h e  e l e c t r o n  d e n s i t i e s  cannot be made 
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by t h e  cav i ty  per turba t ion  technique unless  t h e  dens i ty  d i s t r i b u t i o n  i n  t h e  

plasma column is  known i n  d e t a i l .  

i 

Plasma b iagnos t ics  with Transmission Lines and Cav i t i e s  - W i l l i a m  A. Saxton 
1 

and Y. S. Yeh. 

The cons t ruc t ion  of t h e  plasma tube  and t h e  t ransmission l i n e  has  now 

been completed and both are ready f o r  t h e  .planned experiments. . 

The p o s s i b i l i t y  of diagnosing t h e  p r o p e r t i e s  of t h e  plasma by using a 

cav i ty  pe r tu rba t ion  method i n  a rectangular  cav i ty  wi th  a hole  through which 

t h e  discharge tube protrudes was inves t iga ted .  

f u l  f o r  plasma d iagnos t ics  even though t h e  hole  is  l a r g e  compared t o  cri t ical  

c a v i t y  dimensions. 

This  method appears t o  be use- 

It has  t h e  advantage of resolving small po r t ions  of t h e  

p o s i t i v e  c o l m n  o f  t h e  discharge.  

Protruding Dielectric i n  a Microwave Cavity" has  been w r i t t e n  and submitted 

f o r  publ ica t ion .  

A paper e n t i t l e d  "Perturbat ion from t h e  

Brush Cathode Discharges - W i l l i a m  A. Saxton 

The discharge chamber f o r  t e s t i n g  each of  t h e  four  p a i r s  of brush cathodes 

has  been completed. 

design of  t h e  mechanism f o r  a x i a l l y  moving one of t h e  brushes i n  each pa i r .  

Construction was delayed by necessary modif icat ions i n  t h e  

Pe r iphe ra l  equipment f o r  completing t h e  experimental  setup,  such as t h e  

vacuum system, is not  a l l  ava i l ab le  a t  t h i s  time, but should be incorporated 

i n t o  t h e  p r o j e c t  wi th in  t h e  next few months. However, since major construc- 

tion, including the  cathodes,  has been f in i shed ,  i n i t i a l  experimental r e s u l t s  

should appear i n  t h e  next period. 
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Acoustic E f f e c t s  i n  Plasmas - W i l l i a m  A. Saxton. 

Most of t h e  e f f o r t  during t h i s  per iod  w a s  d i r e c t e d  toward t h e  f i n a l  

design and cons t ruc t ion  of t h e  experimental  setups.  

t h e  EM-wave. s c a t t e r i n g  experiment was modified t o  g ive  a g r e a t e r  f l e x l b i l i t y  

The discharge tube  f o r  

in  probing t h e  plasma medium i tself .  It has  now been re-assembled and in- 

s t a l l e d  on t h e  appropr ia te  vacuum system. 

ampl i f ica t ion  apparatus  has been delayed pending t h e  a c q u i s i t i o n  of  a s u i t a b l e  

l i q u i d  helium dewar f o r  cooling the  discharge.  

Construction on t h e  acoustic-wave 

Electromagnetic Sca t t e r ing  from an Acous t ica l ly  Modulated Plasma Column - 
B. Rama Rao and W i l l i a m  A. Saxton. 

An experimental  i nves t iga t ion  is being c a r r i e d  out  t o  s tudy  t h e  "Bragg 

type" electromagnet ic  s c a t t e r i n g  from an a c o u s t i c a l l y  per turbed  plasma column. 

The a c o u s t i c  waves i n s i d e  t h e  plasma column are exc i t ed  e i t h e r  by means of 

t ransducers  mounted i n s i d e  t h e  discharge tube o r  by means of Langmuir probes 

connected t o  an a c o u s t i c  s i g n a l  generator .  Strong a c o u s t i c  s tanding  waves 

are set up wi th in  t h e  plasma discharge tube by s u i t a b l y  ad jus t ing  t h e  d is tance  

between a movable anode and t h e  oxide-coated cathode. The frequency spectrum, 

angular  dependance and s c a t t e r i n g  amplitudes are being s tudied.  

are being made at 24 GHz. 

Measurements 

Experimental Inves t iga t ions  on R. F. Breakdown Ef fec t s  in Antennas - B. Rama Rao 

and L. D. Scot t .  

R. F. breakdown i n  antennas is f requent ly  encountered by missiles and 

rocke t s  a t  h igh  a l t i t u d e s ,  The breakdown s e r i o u s l y  degrades t h e  v i t a l  communi- 



ca t ion  information such as telemetry and t racking  and a l s o  causes l a r g e  

changes i n  t h e  input  admittance and r a d i a t i o n  p a t t e r n  of t h e  missile antenna. 

The purpose of t h i s  i nves t iga t ion  is  t o  s tudy t h e  e f f e c t  of t h e  r . f .  

breakdown on t h e  nea r  f i e l d s  of t h e  antenna. The antenna c h a r a c t e r i s t i c s  

during breakdown have been inves t iga t ed  as a funct ion of t h e  antenna length ,  

gas pressure  and input  r . f .  power t o  t h e  'antenna. Non-linear phenomena such 

as t h e  generat ion of second and t h i r d  harmonic components of t h e  e x c i t a t i o n  

frequency by t h e  r e f .  corona have a l s o  been inves t iga ted .  The power rad ia ted  

under breakdown condi t ions and the  power absorbed by t h e  r e f .  corona surround- 

ing t h e  antenna have been monitored by means of an ex te rna l  probe. H e l i u m  

gas w a s  chosen f o r  these  inves t iga t ions  as i t s  b a s i c  e l e c t r o n i c  processes  are 

w e l l  understood, thereby making i t  easier t o  i n t e r p r e t  t h e  experimental re- 

s u l t s .  The measurements were made under C.W. conditions.  These invest iga-  

t i o n s  are expected t o  be completed soon. 

A Short  Dipole Antenna as a Probe f o r  Plasma Diagnostics - B. Rama Rao and 

L. D. Scot t .  

An i n t e r e s t i n g  phenomenon not iced during t h e  course of experimental in- 

v e s t i g a t i o n s  was  t h e  "antiresonant" type of  behavior displayed by a shor t  di- 

pole antenna i n  t h e  v i c i n i t y  of the  plasma frequency.'  The pos i t i on  and l i n e  

width of  t h e  input  r e s i s t ance  curve is  determined by t h e  e l ec t ron  plasma f re -  

quency and t h e  c o l l i s i o n  l o s s e s  of t h e  plasma medium; the  input  reactance of 

t h e  antenna a l s o  shows an abrupt change i n  i ts  shape and the  coulomb type 

near f i e l d  measured by an aux i l i a ry  probe a l s o  decreases q u i t e  sharply i n  

t h i s  '!resonance" region. A more ex tens ive  inves t iga t ion  of t h i s  problem is  
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now underway. 

This phenomenon o f f e r s  t h e  p o s s i b i l i t y  of u t i l i z i n g  t h e  s h o r t  d ipole  

as a diagnos t ic  t o o l  i n  ionospheric  measurements f o r  measuring t h e  l o c a l  

e l ec t ron  dens i ty  and c o l l i s i o n  frequency of  t h e  plasma. 

ing phenomenon under experimental s c ru t iny  now is  t h e  'resonance' type of 

behavior no t iced  w e l l  above t h e  plasma frequency around w /fie 
phenomenon has been a t t r i b u t e d  mainly t o  t h e  ion  sheath formed around t h e  

antenna. 

of t h e  sheath thickness  by applying a varying d.c. b i a s  t o  t h e  antenna. 

Another i n t e r e s t -  

This  
P 

The input  admittance of  t h e  d ipole  is being s tud ied  as a funct ion 

Theore t ica l  Studies  on the  Ci rcu lar  Loop Antenna i n  a Plasma Environment - 
M. Bharathi.  

L i t e r a t u r e  on the  c i r c u l a r  loop antenna, i n  f r e e  space, d i s s i p a t i v e  

The problem of r ad ia t ion  media and magnetoionic media has been surveyed. 

from a c i r c u l a r  loop antenna immersed i n  a homogeneous i s o t r o p i c  unbounded 

warm plasma f o r  t he  case of constant cur ren t  d i s t r i b u t i o n  around t h e  loop 

is under inves t iga t ion .  

Theore t ica l  Studies  on an Antenna Immersed i n  a Plasma - A. D. Wunsch. 

One important present  day use of antennas is i n  t h e  f i e l d  of iono- 

sphe r i c  explorat ion.  

d ipole  antennas which serve  as probes t o  determine t h e  p rope r t i e s  of t he  

e a r t h ' s  ionosphere. By measuring t h e  driving-point impedance of such an 

antenna, information about t h e  medim. surrounding the  antenna can be obtained. 

Man-made e a r t h  satel l i tes  are frequent ly  equipped with 

An article published recent ly  by t h e  author1 treats t h e  ionosphere as 
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a cold ion ized  gas. The antenna, approximated as a s t r i p  having a pre- 

s c r ibed  cur ren t  d i s t r i b u t i o n ,  is assumed t o  be perpendicular  t o  a uniform 

magnetic f i e l d  which pervades the gas. 

t h e  r ad ia t ion  r e s i s t a n c e  of the  antenna i n  terms of t h e  parameters of t h e  

surroundings (magnetic f i e l d  s t r eng th  and e l e c t r o n  dens i ty)  and numerical 

r e s u l t s  have been presented f o r  a broad range o f  opera t ing  frequencies .  

The l i m i t a t i o n s  imposed by t r e a t i n g  t h e  antenna as an i n f i n i t e s i m a l  cur ren t  

element (Hertzian Dipole) are a l s o  discussed,  

An expression has  been obtained f o r  

Another aspect  of  t h e  

published note2, treats the  

gas o f  f i n i t e  temperature. 

concerning t h e  d i s t r i b u t i o n  

author '  s research  , b r i e f l y  descr ibed i n  a r ecen t ly  

ionosphere as an i s o t r o p i c ,  homogeneous, ion ized  

Unlike t h e  previous problem, no assumption i s  made 

of cur ren t  along t h e  antenna. The d i s t r i b u t i o n  

of cur ren t  along t h e  antenna has been determined and t h e  input  r e s i s t a n c e  and 

reactance of  t h e  antenna thereby obtained. Previous workers have made such 

warm plasma impedance ca l cu la t ions  by using a d i s t r i b u t i o n  of cur ren t  along 

t h e  antenna which is  i d e n t i c a l  t o  t h a t  which would e x i s t  were the  plasma cold.  

The curren t  d i s t r i b u t i o n s  obtained from t h e  au tho r ' s  ana lys i s  show t h a t ,  i n  

general ,  th i s  is an u n j u s t i f i e d  approximation. 

/ The f a r  f i e l d  r ad ia t ion  p a t t e r n  of t h e  antenna, based on the  co r rec t  

cu r ren t  d i s t r i b u t i o n ,  has  a l s o  been ca lcu la ted .  

d r iven  on t h e  ou t s ide  and t h e  i n s i d e  has been considered, i s  is i n t e r e s t i n g  

t o  determine the  r e l a t i v e  s i z e s  of  t h e  cur ren t  on t h e  ou t s ide  and i n s i d e  o f  

t h e  tube. 

Since a t u b u l a r  antenna, 

This i s  especially important s i n c e  even a very t h i n  tube contain- 

ing warm plasma can support  an i n t e r n a l  propagating wave. 

The f i e l d  p a t t e r n  r e s u l t s  and the  ana lys i s  of t h e  i n t e r n a l  cur ren t  w i l l  
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be presented  i n  a longe r  paper,  
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Wunsch, A. D. ,"Radiation from a S t r i p  of Electric Current i n  a 
Magnetoionic Medium", Canadian Journa l  of  Physics ,  vo l .  4 5 ,  1967, 
pp. 1675-1691. 

Wunsch, A. D. ,"Current D i s t r ibu t ion  on a Dipole Antenna i n  a Warm 
Plasma", E lec t ron ic  Letters, vo l .  3, No. 7, J u l y  1967, pp. 320-321. 

The s t a f f  now supported i n  pa r t  by th i s  g r a n t  inc ludes  Professor  B. 

Rama Rao, Dr. C. Y. Ting, Dr. W i l l i a m  A. Saxton and t h r e e  part-t ime s tuden t s  

A. I). Wunsch, L. D. Sco t t  and M. Bharathi.  
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, Ronold W. P. King: Di rec tor  
NASA Grant NGR-22-007-056 


